Skyrmion-based spin torque nano-oscillators are potential next-generation microwave signal generators. However, ferromagnetic skyrmion-based spin torque nano-oscillators cannot reach high oscillation frequencies. In this work, we propose to use the circular motion of an antiferromagnetic skyrmion to create the oscillation signal in order to overcome this obstacle.
Since spin-transfer torque (STT) was predicted 1, 2 , it has received great attention due to its critical role in modern magnetic devices, such as spin-transfer torque magnetic random access memory (STT-MRAM) 3, 4 and spin torque nano-oscillators (STNO) [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . In particular, STNO can be used as microwave signal generator, where microwave signal is generated by the precession of the uniform magnetization 10 or gyrotropic motion of a magnetic vortex 7, 11, 16 . Recently, numerical calculations show that the oscillations of magnetic skyrmions can also excite microwave signals with small line width and are expected to improve the output power 12, [18] [19] [20] [21] . Magnetic skyrmions are swirling spin textures, which have topologically protected stability and low depinning current 22, 23 . In most systems, such as in Fe1−xCoxSi 24 29, 30 , which is induced by the lack or breaking of inversion symmetry in magnetic materials. Compared to the vortex-based STNO, the skyrmion-based STNO has some advantages. For instance, multiple skyrmions can be put in one STNO to improve the oscillation frequency 12, 19 . Generally, a higher frequency signal has a larger tuning range of frequency. And more data can be sent in less time for the higherfrequency transmissions. Besides, skyrmions are localized spin textures and could have a much smaller size than the magnetic vortices 16, 31 .
However, for the STNO based on the skyrmion motion in ferromagnetic (FM) nanodisks, the range of the oscillation frequency is narrow (it is from 0 Hz to about 1 GHz for the STNO with one FM skyrmion). 12, [18] [19] [20] Therefore, it is necessary to explore alternative skyrmionbased STNO with broader frequencies. Compensated antiferromagnets are promising material systems for spintronic devices [32] [33] [34] [35] [36] because they have ultrafast magnetization dynamics and no stray magnetic fields. Theoretical calculations [37] [38] [39] show the existence of the stable skyrmions in antiferromagnets, and recently the stabilization of magnetic skyrmions has been experimentally presented in ferrimagnetic GdFeCo films, 40 which have similar spin structure to antiferromagnets. Compared to ferromagnetic skyrmions, antiferromagnetic (AFM) skyrmions have no skyrmion Hall effect 37, 38, 41 , so that their motion trajectory is a perfect straight line along the driving force direction. Therefore, AFM skyrmions are ideal information carriers for racetrack-type memory [42] [43] [44] [45] . For skyrmion-based STNO, however, the study of the differences between FM and AFM skyrmions is still lacking.
In this work, we analytically and numerically study the motion of a FM skyrmion and an AFM skyrmion in a nanodisk driven by spin-polarized currents with a vortex-like polarization 18, 20 . It is found that since the physical mechanism of their steady motion is The model of the skyrmion-based STNO is depicted in Fig. 1 . The fixed layer with a magnetic vortex configuration is used to generate the spin-polarized current with a vortexlike polarization. 18, 20, 46 Such a spin-polarized current applies spin torques to the local magnetic moments of the free layer and then the skyrmion in the nanodisk moves in a circular motion. Thus, using the skyrmion-based STNO, a direct current can induce an oscillating signal. The signal can be detected by constructing nano-contact oscillator and using the magnetoresistance effect 12, 21 . Due to the fixed layer with a vortex magnetic configuration, the polarization vector p depends on the spatial coordinates (x, y) and is described as p = (cosβ, sinβ, 0) with β = arctan(y/x) + φ. 18 In this work, unless otherwise noted, the polarized angle φ is set at 0° [see The guiding center of AFM skyrmion is defined as
while for FM skyrmion, we need to replace the AFM Néel vector n with the FM reduced magnetization m (m = M/MS with the saturation magnetization MS). As shown in Fig. 2 , the AFM skyrmion moves steadily in the nanodisk independently of the sign of the applied current. Meanwhile, the FM skyrmion moves toward the nanodisk center when the positive current is applied, whereas for the negative current, the skyrmion is destroyed at the nanodisk edge (see Movie 1). It should be noted that if the negative current is small, the FM skyrmion can also move steadily. 
where the first term is the Magnus force and the gyrovector G = 4πQμ0MStz/γez with the vacuum permeability constant μ0, the free layer thickness tz and the gyromagnetic ratio γ. The
× ∂ �� is equal to ± 1 for an isolated FM skyrmion. 37, 41, 58 The second term of Eq. (2) 
where a is the acceleration, and MAFMSk is the effective AFM skyrmion mass which is defined Comparing Eqs. (2) and (3), we find two distinct differences between FM and AFM skyrmions. First, an AFM skyrmion consists of two FM skyrmions (one on each sublattice) with opposite skyrmion numbers for magnetization, i.e., Q = 0, so that the net Magnus force is zero 37, 38 . Meanwhile, a FM skyrmion has skyrmion number Q = ± 1, so that the Magnus force is always nonzero and leads to the skyrmion Hall effect 55, 65 . Second, Eq. (3) shows that the AFM skyrmion has an effective mass MAFMSk, which is inversely proportional to the 
On the other hand, for the AFM skyrmion, Eq. (3) is decomposed as However, for the AFM skyrmion, the required centripetal force, 2 AFMSk , is ~ 2 × 10 −13 N based on the adopted parameters, so that the AFM skyrmion can move steadily in the nanodisk (see Movie 2) . Besides, whether the sign of the applied current is positive or negative, the required centripetal force does not change for φ = 0°. Therefore, the usage of the AFM skyrmion allows to naturally overcome this impediment, where a FM skyrmion moves toward the nanodisk center 12 .
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For the case of Fig. 2(b In order to test the reliability of the simulated speeds, we derived the tangential speed vt of the circular motion from Eq. (5b), which can be written as (see supplementary material),
where Rs is the skyrmion radius given by ≈ In addition, frequency f, speed vt, and radius rc are calculated as functions of nanodisk radius R, damping constant α, and applied current j, as shown in Fig. 3 . In Fig. 3(a) , one can see that f increases with the reduction of the nanodisk size due to the decrease of motion radius rc [see Fig. 3(g) ]. In particular, for R = 30 nm, f takes a large value of 25 GHz. On the other hand, as shown in Fig. 3(d) , the speed becomes larger with increasing nanodisk radius and then saturates at ~ 3.55 km/s because the edge compresses the skyrmion size for a small nanodisk 67 . One can see from Fig. 3(b) that the small damping α is advantageous to obtain a high f. Fig. 3(e) shows that vt depends significantly on α, as expected from Eq. (6), where vt is inversely proportional to α. When α goes down so that vt increases, the required centripetal force increases, resulting in that the AFM skyrmion moves along the larger orbit with a stronger boundary-induced force to act as the centripetal force [see Fig. 3(h) ]. Another convenient and important method to tune the frequency is to change the applied current j, as shown in Fig. 3(c) . The frequency f increases from 0 to ~ 13 GHz when the applied current j 
